Purpose We have revealed that the cause of postoperative dyspnea and/or dysphagia after occipito-cervical (O-C) fusion is mechanical stenosis of the oropharyngeal space and the O-C2 alignment, rather than total or subaxial alignment, is the key to the development of dyspnea and/or dysphagia. The purpose of this study was to confirm the impact of occipito-C2 angle (O-C2A) on the oropharyngeal space and to investigate the chronological impact of a fixed O-C2A on the oropharyngeal space and dyspnea and/or dysphagia after O-C fusion. Materials and methods We reviewed 13 patients who had undergone O-C2 fusion, while retaining subaxial segmental motion (OC2 group) and 20 who had subaxial fusion without O-C2 fusion (SA group). The O-C2A, C2-C6 angle and the narrowest oropharyngeal airway space were measured on lateral dynamic X-rays preoperatively, when dynamic X-rays were taken for the first time postoperatively, and at the final follow-up. We also recorded the current dyspnea and/or dysphagia status at the final followup of patients who presented with it immediately after the O-C2 fusion.
to activities of daily living and are occasionally lifethreatening [1] [2] [3] [4] . Although, the true cause of D/D has not been elucidated, cervical flexed alignment has been thought to be a major factor, in addition to pharyngeal edema or a postoperatively enlarged tongue [5] [6] [7] .
However, we have revealed that the cause of postoperative D/D after O-C fusion is mechanical stenosis of the oropharyngeal space and the O-C2 alignment alone, and not total cervical alignment or subaxial alignment, is the key to the development of D/D. Miyata et al. [8] showed that reduction of the O-C2 angle (O-C2A) after O-C fusion was associated with postoperative D/D, and demonstrated that the O-C2A had a great impact on D/D and the oropharyngeal space, where both respiratory and swallowing functions are involved. They demonstrated that if the O-C2A was reduced by more than 10°compared with the preoperative neutral position, all patients developed D/D after surgery. Ota et al. [9] investigated the association between cervical alignment and the oropharyngeal space in normal volunteers. They demonstrated that the narrowest oropharyngeal airway space (nPAS) was strongly associated with the O-C2A, whereas the C2-C6 angle (C2-C6A) was not significantly associated with the nPAS. They also showed that a decrease in the O-C2A of 10°caused a reduction of the nPAS in the neutral position of approximately 37 %.
The mechanism of postoperative oropharyngeal stenosis caused by a reduction in the O-C2A has been speculated to be as follows (Fig. 1) . Soft tissue surrounds the oropharyngeal space, of which the anterior tongue root is the largest component. This soft tissue is surrounded by bony structures: the mandible anteriorly and laterally and the cervical spine posteriorly. A reduction in the O-C2A makes the mandible shift posteriorly. This reduces the volume of the bony container around the oropharyngeal region, resulting in local airway stenosis [8] [9] [10] . A reduction in the oropharyngeal space causes dysphagia or, occasionally, dyspnea as a more severe form [8] . Research from another group has also supported our hypothesis. Ataka et al. [10] reported that obstructive sleep apnea in patients with rheumatoid arthritis (RA) with an upper cervical spine lesion improved after O-C fusion when the O-C2A was fixed in a more extended position, because it caused enlargement of the oropharyngeal space.
Given this background, we hypothesized that the oropharyngeal space or nPAS, once established by O-C2 fusion, will not change according to the cervical position at any postoperative point, so that any D/D occurring after O-C fusion cannot be resolved. On the other hand, in subaxial fusion procedures that retain O-C2 segmental motion, the postural change of the oropharyngeal space should be maintained for all cervical positions at all postoperative time.
All previous studies focused on the changes in the O-C2A and oropharyngeal space just after the surgery or after a short follow-up period, and also followed the patient's D/D status after the O-C fusion for a short time only [8, 10] . As far as we know, no study has assessed the chronological changes in the oropharyngeal space established at the O-C fusion, or in postoperative D/D status. Therefore, one of the aims of this study was to establish these outcomes for patients undergoing subaxial fusion as a control group. Another objective was to investigate the current D/D status of those patients who presented with D/D immediately after the O-C2 fusion.
Materials and methods
Our hospital's institutional review board approved this study.
As a study group, 16 patients who underwent posterior O-C2 fusion surgery while retaining subaxial cervical motion at our institution from April 1997 to September 2010, using a rigid occipital plate and a screw-rod system, were reviewed retrospectively. O-C2 fusions using a semirigid fixation technique, such as wiring, were excluded from this study, since some change in the O-C2A might have occurred before bone union was completed. Three patients were excluded from this study because one lacked postoperative dynamic lateral X-rays and two could not be followed for more than 1 year. The cases finally analyzed were the remaining 13 patients who underwent O-C2 fusion (OC2 group: 6 men and 7 women; mean age 61.2 years; range from 29 to 84 years). The diagnoses included RA (n = 9), O-C1 assimilation (n = 3), destructive spondyloarthropathy (n = 1).
As a control group, 38 patients who received subaxial fusion surgery during the same period including anterior and/or posterior cervical spinal fusion (ACF and/or PCF) without O-C2 fusion were reviewed. We defined this group as comprising patients having continuous fusion from C2 or C3 as the most cranial vertebra to C6 or below as the most distal vertebra. Eighteen patients were excluded from this study because of absent or inadequate imaging studies (n = 13), or a follow-up of less than 1 year (n = 5). This resulted in a group of 20 patients with subaxial fusion (SA group: 11 men and 9 women; mean age 64.6 years; range from 44 to 80 years). In the SA group, original diagnoses included nonunion after ACF (n = 3), cervical spondylotic myelopathy (n = 9), destructive spondyloarthropathy (n = 3), cervical spondylotic amyotrophy (n = 2), RA (n = 1), ossification of the posterior longitudinal ligament (n = 1), and a tumor (n = 1). The fused levels were as follows: C2-6 (n = 4), C2-7 (n = 3), C2-Th1 (n = 1), C3-6 (n = 8), C3-7 (n = 3), and C3-Th1 (n = 1). The Eur Spine J (2014) 23:328-336 329 mean number of fused levels was 3.9 (range 3-6). ACF was performed in 6 cases, PCF was done in 8 cases, and the remaining 6 patients underwent combined ACF and PCF.
Patients were excluded if they had preoperative dysphagia, dyspnea, and dysphonia in both groups. The mean follow-up period was 45 months (range from 13 to 72 months) in the OC2 group and 52.3 months (range from 12 to 120 months) in the SA group.
Radiographic assessment
We reviewed dynamic lateral plain X-rays to measure O-C2A, C2-C6A and the nPAS preoperatively, when dynamic X-rays were taken for the first time postoperatively (a mean of 8.8 months after the operation in the OC2 group and a mean of 12.2 months in the SA group), and at the final follow-up.
The O-C2A, C2-C6A, and nPAS parameters have been documented elsewhere [9, 11] . Briefly, the O-C2A indicates the angle between McGregor's line and the inferior vertebral endplate line of C2. C2-C6A indicates the angle between the inferior endplates of the C2 and C6 vertebral bodies. If the C6 vertebra had been included in an ACF procedure, we used the C2-C7 angle for analysis. In both measurements, a positive value indicates lordosis at the local segment. The nPAS was defined as the shortest anteroposterior distance from the posterior pharyngeal wall to the back of the tongue between the levels of the uvula tip and the tip of the epiglottis (Fig. 2) [9] .
The difference in the O-C2A (dOC2A), that is the differences between the values in the flexion or extension (X position) and the value in the neutral position, was calculated for each cervical position (flexion or extension) at each time point. We represented the maximal amount of postural change of the nPAS at each time point as D nPAS. This was defined as the following formula:
The maximal and minimal values were chosen among the three different positions: neutral, flexion, or extension at each time point. We calculated the DO-C2A and DC2-C6A values using a similar formula. All linear and angular parameters were calculated with a precision of 0.1 mm and 0.1°using the Centricity PACS system (version 2.0; GE Healthcare, Milwaukee, WI, USA).
Clinical assessment
We investigated the occurrence of postoperative D/D in both groups, and interviewed at the final follow-up who presented with D/D immediately after the operation about the severity of the swallowing difficulty. All of them were asked to select one of three replies about their subjective D/D status: improved, unchanged, or deteriorated compared with shortly after the operation.
Statistical analysis
Values are expressed as the mean ± standard deviation. Differences in baseline characteristics were tested using Student's t test for continuous variables and with the v 2 test for categorical variables. Nonnormally distributed variables were compared using the MannWhitney nonparametric U test. Spearman correlation coefficients (q) were used to evaluate any associations between dOC2A and %dnPAS. Differences in variation of the DnPAS in both groups were analyzed using an analysis of covariance (ANCOVA), and the Wilcoxon signed-rank test with Bonferroni's correction. P \ 0.05 was considered statistically significant. We used SPSS software (version12.0; SPSS Inc., Chicago, IL, USA) for all analyses.
Results
The excellent reproducibility and repeatability of the O-C2A, C2-C6A, and nPAS parameters measured on lateral cervical X-rays have been documented elsewhere [9, 11] . Briefly, the radiographs were measured twice with a 1-week interval by the same 2 spine surgeons, independently. Reliability was evaluated by calculating the intraclass correlation coefficient (ICC). The inter-and intraobserver ICCs values of the radiographic parameters for all cervical positions were more than 0.93.
The patient's demographic data for both groups are shown in Table 1 . There were no significant differences between the two groups in terms of age, male-to-female ratio, or mean follow-up period.
Preoperative morphological measurements data are shown in Table 2 . There was significant difference between the 2 groups only in DO-C2A value, reflecting the fact that the cases in the OC2 group had upper cervical lesions. Figure 3 shows the association between the dOC2A and %dnPAS preoperatively and at the final follow-up. In the OC2 group, the preoperative scatter diagram shows that there was a positive linear correlation (Fig. 3a: Spearman's q = 0.75, P \ 0.001), whereas no significant correlation was found in the final follow-up (Fig. 3b: Spearman's q = 0.014, P = 0.947). The %dnPAS became constant compared with its preoperative distribution, even though the C2-C6 motion was preserved. In the SA group, a strong positive linear correlation of dOC2A with %dnPAS was found at both time points (preoperative: Spearman's q = 0.70, P \ 0.001; final follow-up: Spearman's q = 0.88, P \ 0.001; Fig. 3c, d) . Figure 4 shows chronological changes in the DnPAS. The DnPAS value in the OC2 group at the first postoperative point and at the final follow-up was significantly smaller than preoperatively (P = 0.002), and there was no significant difference between the first postoperative point and the final follow-up (P = 0.1). On the other hand, there were no significant differences in the value of DnPAS among preoperative, postoperative, and the final follow-up points in the SA group. These findings demonstrate that the postural change in nPAS diminished dramatically, and became constant once the O-C2 is fixed. A representative case in each group is presented in Fig. 5 .
In clinical assessment, although 2 patients in the control group complained of swallowing difficulty after ACF only in the early postoperative period, no patient had subjective dysphagia at the final follow-up. In the study group, 3 patients had D/D immediately after the O-C fusion and continued to the final follow-up (Table 3) , and the remaining 10 patients had not complained of D/D through the whole postoperative period. For these D/D patients, we consulted to otolaryngologists as for postoperative D/D pathology. They performed routine examination of laryngopharynx (3 patients), laryngoscopy (2 patients), and esophagography (1 patient). However, no neurological or mucosal pathology were pointed out. All patients did not desire further confirmatory test or treatment for dysphagia, because their symptom was mild.
Discussion
We have argued that the main cause of postoperative D/D after the O-C fusion is fixation with an O-C2A that is smaller than the preoperative neutral position [8] . The absolute value of the O-C2A in a neutral position varies between individuals, and any change from this position is important clinically [9, 12, 13] . The impact of the O-C2A on the oropharyngeal space and D/D after the O-C fusion has been demonstrated from several directions [8] [9] [10] , and the present study reconfirms it clearly from another perspective. Furthermore, we clarified that the nPAS and postoperative D/D did not change with time once the O-C2A had been established during the O-C fusion.
It is well known that dysphagia sometimes occurs after ACF. Proposed causes include pharyngeal edema, transient local nerve palsy, use of plate fixation, plate prominence, the use of recombinant human bone morphogenetic protein-2, and severe pain [14] [15] [16] [17] [18] . The incidence of dysphagia was reported to be 50-56% at 1 month after ACF, but the symptoms resolved gradually over the first few months. At 1 year, only 13-21% of patients were symptomatic [14, 19] . Since the mechanism of dysphagia after the O-C fusion is speculated to be quite different from that after ACF, spontaneous recovery is much less likely, that is, the cause of D/D after the O-C fusion is mainly mechanical stenosis of the airway and it occurs regardless of inflammation, edema, or neuropraxia. Therefore, it should be stressed that once D/D occurs after the O-C fusion, and if the fixed O-C2A is found to be smaller than that in the preoperative neutral position, the surgeon should not hesitate to correct the O-C2A to the preoperative neutral position or slightly more. It would be unfortunate, if the surgeon were to wait for several months, expecting spontaneous recovery, in which time bone union was completed. After the publication of our previous papers [8, 9] , we were consulted regarding 2 cases of postoperative dysphagia from other hospitals. We recommended correction of the O-C2 alignment based on measuring the O-C2A. The dysphagia disappeared immediately after the revision surgery in both cases. As Ota et al. [9] demonstrated, a decrease in the O-C2A of only 10°c aused a reduction of approximately 37% in the nPAS at the neutral position. This means that even a slight change in the O-C2A will dramatically affect the oropharyngeal space. Recent refinements in instrumentation, such as the plate-screw-rod system, and the advent of strong anchoring techniques, such as Magerl or pedicle screws, have enabled us to obtain very rigid fixation with excellent clinical results. However, these systems do not allow for slight postoperative changes in the O-C2A, probably decreasing the chance of a spontaneous recovery from D/D after the O-C fusion. In the conventional semirigid fixation techniques, such as onlay bone grafting with halo-vest fixation or sublaminar segmental wiring techniques, it is possible that postoperative D/D will improve spontaneously by allowing the patient to achieve unconscious adjustment of the fixed position. Therefore, the O-C2A determined during surgery might now be the most important factor in avoiding postoperative D/D.
The present study had several weaknesses and limitations, including its retrospective study design, and relatively small sample size with many cases being excluded. Another limitation of our study is that dysphagia is a subjective manifestation, so different individuals might view even the same condition differently, and some cases might be underreported [20] . Therefore, in the absence of universal questionnaires to evaluate the degree of dysphagia in patients undergoing cervical spine surgery, it is best to evaluate the swallowing function objectively both pre-and postoperatively, for example using the Bazaz grading system and Dysphagia Short Questionnaire [15, 21] . Another limitation of this study was the difference between groups in the ratio of patients with RA, because it has been recognized that RA is a major risk factor for postoperative narrowing of the airway [22] [23] [24] . However, it has been speculated that mechanical stenosis caused by upper cervical alignment also plays a major role in postoperative airway complications in such patients [10, 25] . Considering the ease of exposure of the operative field, we might generate a flexed position of the O-C2A during the surgery. Moreover, it is very difficult to notice slight changes in the O-C2 alignment macroscopically. Therefore, the surgeon must check the O-C2A using a C-arm after the insertion of all cervical screws and, if necessary, 
